Abstract: Problem statement: Most Nickel based Hastelloy C-276 is a difficult-to-machine material because of its low thermal diffusive property and high strength at high temperature. Machinability consideration of nickel based Hastelloy C-276 in turning operations has been carried out using ceramic inserts under dry conditions. Approach: This study described a modification approach applied to a fuzzy logic based model for predicting cutting force where the machining parameters for cutting speed ranges, feed rate, depth of cut and approach angle are not overlapping. For this study, data were selected depending on the design of experiments. Response surface methodology was applied to predict the cutting force and to examine the fuzzy logic based model. Results: The modification approach fuzzy logic based model produced the cutting force data providing good correlation with response surface data. In this situation the cutting force data were superimposed and results were adjusted according to their own ranges. Conclusion: A review of literatures on optimization techniques revealed that there were, in particular, successful industrial applications of design of experiment-based approaches for optimal settings of process variables.
INTRODUCTION
Manufacturing industries have long depended on the skill and experience of the operators for optimal selection of cutting conditions and cutting tools. Considerable efforts are still in progress on the use of handbook based conservative cutting conditions and cutting tool selection at the process planning level. The most adverse effect of such a not-very scientific practice is decreased productivity due to sub-optimal use of machining capability. The need for selecting and implementing optimal machining conditions and the most suitable cutting tool has been felt over the last few decades. Progress has been slow since all the process parameters need to be optimized. Furthermore, for realistic solutions, the many constraints met in practice, such as low machine tool power, torque, force limits and component surface roughness must be overcome. The non-availability of the required technological performance equation represents a major obstacle to implementation of optimized cutting conditions in practice. This follows since extensive testing is required to establish empirical performance equations for each tool cutting-work material combination for a given machining operation, which can be quite expensive when a wide spectrum of machining operations is considered. However, in this study to get the sufficient model that related the cutting force and the cutting parameters (cutting speed, feed rate, depth of cut and approach angle), different tests for each and every combination of cutting tools and workpiece material needed. Several of cutting speeds, feed rates, depth of cuts and approach angles have been taken into account to get the module that predict the cutting force by using response surface methodology. Experimental results were used for modeling using Response Surface Methodology (RSM) (Montgomery, 2001 ). The RSM is practical, economical and relatively easy for use and it was used by many researchers (Mead and Pike, 1975; Hill and Hunter, 1966) reviewed the earliest work on response surface methodology (El Baradie, 1993; Sundaram and Lambert, 1981; Hasegawa et al., 1976) for modeling machining processes. Response Surface Methodology (RSM) is a combination of experimental and regression analysis and statistical inferences. The concept of a response surface involves a dependent variable y called the response variable and several independent variables x 1 , x 2 ,..., x k If all of these variables are assumed to be measurable, the response surface can be expressed as: y = f (x 1 ; x 2 ; . . . ; x k )
Optimizing the response variable y, it is assumed that the independent variables are continuous and controllable by the experimenter with negligible error. The response or the dependent variable is assumed to be a random variable. In our experiments turning operation was selected because it's the most basic cutting process. It is necessary to find a suitable combination of cutting speed (x 1 =ln V), feed rate (x 2 = ln f), depth of cut (x 3 = ln d) and approach angle (x 4 = ln Κ) that optimize cutting force (y = ln F). The observed response y as a function of the speed, feed, depth of cut and approach angle can be written as:
Usually a low order polynomial (first-order and second-order) in some regions of the independent variables is employed. The linear + interactions model: 
where, y is the cutting force:
where, ε is assumed to be normally-distributed uncorrelated random error with zero mean and constant variance, β o = ln C and β 1 , β 2 , β 3 and β 10 are the model parameters. 
MATERIALS AND METHODS

Experimental set-up:
Work material:
The work material used as the test specimen was Hastelloy C-276. Two cylindrical bars of Hastelloy (500 mm long and 57.15 mm diameter) were used for the tests. Details of the material properties are given in Table 1 and 2. The nickel based alloy round bar to ASTM B574-99a specification was purchased from Hynes international, INC. The material annealed at 1120°C (held 75 min) and water quenched. Table 3 .
Design of experiment:
A commercial statistical analysis software "Minitab" was employed for design of experiment. In Minitab, RSM is used to find a combination of factors which gives the optimal response. RSM is actually a collection of mathematical and statistical technique that is useful for the modeling and analysis of problems in which a response of interest is influenced by several variables and the objectives is to optimize the response (Montgomery, 2001 ). There are essentially two main types of designs experiments which are based on response surface analysis as follows:
Both of these methodologies require a quadratic relationship between the experimental factor and the responses. In this study the BBD has been chosen as shown in Fig. 2 .
The levels of independent variables and coding identifications used in this design are presented in Table 4 . Table 5 shows the experimental conditions and results obtained using ceramic inserts. All of the turning tests were run dry. Box-Behnken Design is normally used when performing non-sequential experiments. That is, performing the experiment only once. These designs allow efficient estimation of the first-order coefficients. Because Box-Behnken Design has fewer design points, they are less expensive to run than central composite designs with the same number of factors. Box-Behnken Design do not have axial points, thus can be sure that all design points fall within the safe operating. Box-Behnken Design also ensures that all factors are never set at their high levels simultaneously (Box and Wilson, 1951; Box and Hunter, 1957; Box and Youle, 1955) . Figure 3 shows the 3N full factors Box-Behnken. Preliminary tests were carried out to find the suitable cutting speed V, federate f, depth of cut d and approach angle K as shown in Table 4 . Every one passes (one pass is equal to 20 mm), the cutting test was stopped. The same experiment has been repeated for 3 times to get more accurate result. From this linear equation, one can easily notice that the response y (cutting force) is affected significantly by the feed rate followed by depth of cut and then by feed rate with depth of cut and lastly, by the cutting speed and approach angle. Generally, the increase of feed rate, depths of cut and approach angle will cause the cutting force to become larger. On the other hand, the decrease in cutting speed will slightly cause increasing of cutting force as shown in Fig. 3 . The proposed linear equation is valid only for cutting ceramic tools with a (-6) rake angle within the cutting conditions range used in the experimentation as shown in Table 4 .
Fuzzy logics for the turning operation:
The fuzzy model that has been designed for predicting cutting force for the turning operation uses four inputs and one output. Cutting speed, feed rate, depth of cut and approach angle are the inputs and cutting force is the output of the system. The first step in establishing the algorithm for selecting the cutting condition is to choose the shape of fuzzy membership functions or fuzzy sets for the process variables based upon experimental data. The system is based on the interrelationship that exists for machining nickel based Hastelloy C-276 material between its cutting speed (input 1) feed rate (input 2), depth of cut (input 3), approach angle (input 4) and the corresponding cutting force (output). Well distributed and bell-shape is used for the membership function for the input and the output variables. The membership functions for each fuzzy set for input fuzzy variables and for output fuzzy variable are shown in Fig. 4-8 , respectively.
Rule-based fuzzy relations: Fuzzy rules are a set of linguistic statements which establishes the relationship between the input and the output in a fuzzy system. They are defined based on experimental work. Table 6 : Fuzzy rules in linguistic form 1. IF Cutting speed is (medium) and feed rate is (low) and depth of cut is (medium) and approach angle is (low) then Cutting force is (very low) (1) 2. IF Cutting speed is (high) and feed rate is (high) and depth of cut is (medium) and approach angle is (medium) then Cutting force is (medium) (1) 3. IF Cutting speed is (medium) and feed rate is (medium) and depth of cut is (low) and approach angle is (medium) then Cutting force is (very low) (1) ⋮ 27. IF Cutting speed is (low) and feed rate is (high) and depth of cut is (medium) and approach angle is (medium) then Cutting force is (high) (1)
The number of fuzzy rules in a fuzzy system is related to the number of fuzzy sets for each input variable. In this study, there are four input variables which are classified into twenty seven fuzzy sets and there are twenty seven cutting force states to be determined. The "and" and "or" used in the rules will apply to the fuzzy "and" and "or" operations, respectively. Table 6 shows a few examples of fuzzy rules in a linguistic form.
RESULTS AND DISCUSSION
There are two methods commonly used to yield the aggregation of the rules. They are .Max-Min Inference Method and Max-Product Method. For the first method, all the fuzzy "and" and "or" operations are applied into all the input's value of the corresponding fuzzy sets (Hashmia et al., 2003) . Applying a fuzzy "and" operation will yield a result that is the minimum of the fuzzy value of the number of input variables. The aggregation of the rule will be the truncation of the output fuzzy set. This method is applied to all rules to obtain the final result which gives the final shape of the output fuzzy membership function after aggregation of all the rules, respectively. Then the union operation is applied to all the output fuzzy sets to yield the final fuzzy set. The Max-Product method is similar to MaxMin Inference Method, the only difference being the aggregation of the rules, one would multiply the output fuzzy set with the yielded result. The input 1 universe "cutting speed" should be partitioned according to the minimum and maximum values allowed to control the system. On this basis the universe of the cutting speed has been split in the range of 150-250, with any value above this range assumed to be infinity and a zero value implying that the cutting speed is almost a minimum value. The value of 150 is assigned to "minimum cutting speed" and the value of 250 to "maximum cutting speed". In a similar manner the universe of the input 2 (feed rate), input 3 (depth of cut), input 4 (approach angle) and output (cutting force has been partitioned according to the range of predicted cutting force 300-2700. It is assumed that the value of 300 is assigned to "min. force" and the value of 2700 is assigned to "max. Force", for any output speed range. Table 7 shows the ranges of cutting force for min. and max values from response surface and fuzzy outputs.
Values plotted for experimental cutting force versos the predicted cutting force by response surface and fuzzy logics as shown in Fig. 7 . The standard deviation is ≈ 10% for predicted response surface and 8.8% for fuzzy logics. Furthermore, the standard deviation error is 1.949% for response surface and 1.694% for predicted cutting force by fuzzy logics. The differences on some points can be explained by the other effects such as chatter, burr formation and tool wear. This is due to some high values of cutting force measured due experiments affected by these characterize (Khidhir and Mohamed, 2009) On the other hand the matching of nickel based Hastelloy C-276 can be controlled for all of most values using fuzzy logics and can be acceptable more than response surface. 
CONCLUSION
Fuzzy logic and response surface methodology are the latest optimization techniques that are being applied successfully in industrial applications for optimal selection of process variables in the area of machining. A review of literatures on optimization techniques has revealed that there are, in particular, successful industrial applications of design of experiment-based approaches for optimal settings of process variables. Response surface methodology are strong design techniques widely used in industries for making the product, process, insensitive to any uncontrollable factors such as Machining parameters. The application of a fuzzy logic based model for selecting cutting speed in a turning operation for predicting cutting force ranges is possible for the widest range of cutting parameters data produces the best match between predicted and experimental data. Reducing quality loss by designing the products and processes to be insensitive to variation in variables is a novel concept to manufacturers and quality engineers.
